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(54) CATALYSTS FOR OLEFIN POLYMER PRODUCTION AND PROCESS FOR PRODUCING 
OLEFIN POLYMER 

(57) Catalysts for olefin polymerization comprising 
(a) a compound of a transition metal of Groups 8 to 10 
of the Periodic Table, (b) clay, a clay mineral or an ion- 
exchanging layered compound, (c) a silane compound, 
and optionally (d) an organic aluminium compound 
and/or (e) an alkylating agent, and those comprising (a) 
a compound of a transition metal of Groups 8 to 10 of 
the Periodic Table, (b) clay, a clay mineral or an ion- 
exchanging layered compound, (d) an organic alumin- 
ium compound, and optionally (e) an alkylating agent 
have high activity, though not containing a large amount 
of aluminoxane. Using the catalysts, high-quality olefin 
polymers with good morphology are produced effi- 
ciently. The amount of the residual metal to remain in 
the polymers produced is small. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to catalysts for olefin polymer production and to a method for producing olefin 
polymers. More precisely, it relates to novel catalysts with which practical high-meftingiDoint and high-molecular-weight 
olefin polymers, especially polyethylenes are produced efficiently, inexpensively, and industrially advantageously, and 
to a method of using the catalysts for olefin polymer production. 

10 RAr.KORQUNP OF THE INVENTION 

[00021 As catalysts for olef in polymer production, at present, mainly used are Ziegler catalysts and metallocene cat- 
alysts which comprise, as the essential catalyst component, a compound of a metal element of Group 4 of the Periodic 
Table 'such as titanium or zirconium. Of metallocene catalysts, those comprising metallocene and aluminoxane are 
15 much used (Japanese Patent Laid-Open Nos. 19309/1983. 167307/1990. etc.). As compared with that of Ziegler cata- 
lysts, the polymerization activity of such metallocene catalysts, relative to the transition metal therein, is extremely high. 
Using metallocene catalysts gives polymers having a narrow molecular weight distribution. 

[0003] On the other hand, recently, novel catalysts comprising a metal complex with a metal of Groups 8 to 1 0 ot tne 
Periodic Table, such as typically nickel or palladium, have been developed, apart from the catalysts noted above. Here- 
20 tofore. nickel complexes have been known as oligomerization catalysts for olefins, and it is said that they are unsuitable 
to polymer formation. 

[0004] Regarding the techniques that relate to such catalysts comprising a nickel or palladium complex, vanous pro- 
posals have heretofore been made, including, for example. (1) a method of using a catalyst that comprises an N.(0) 
complex as coordinated with an adduct of quinone and a tertiary phosphine. for ethylene polymerization (Japanese Pat- 
ent Publication No. 1796/1993); (2) a catalyst comprising an Ni(0) complex, an adduct of maleic anhydndeandatertery 
phosphine. a phosphorus ylide. and an organic aluminium compound (Japanese Patent Laid-Open No. 203106/1986). 
(3) a catalyst comprising an Ni(0) or Ni(ll) complex and an iminophospholane compound (Japanese Patent La^Pen 
No 11531 1/1991); (4) a method of using a borate complex with a metal of Group 8 to 10 (Fe. Co. Ni. Ru. Rh Pd. Os, 
Ir or Pt) coordinated with a cis-type chelate ligand. for ethylene polymerization; (5) a catalyst comprising an N.(0) com- 
plex an adduct of an imide and a tertiary phosphine. and a phosphine oxide (Japanese Patent Laid-Open No. 
122721/1994)- (6) a catalyst comprising a combination of a complex of Pd(ll) with BF 4 ' and methylalummoxane (Japa- 
nese Patent Laid-Open No. 82314/1995); (7) a catalyst comprising an Ni(ll) complex, an iminophospholane compound 
and an organic aluminium compound (Japanese Patent Laid-Open No. 277610/1991); (8) a catalyst comprising an N, 
(0) or Ni (II) complex and an iminophospholane compound having a bulky substituent (Japanese Patent Laid-Open No. 
25932/1995); (9) a catalyst comprising a combination of a complex of Ni(ll) with a phosphorus-oxygen chelate and a 
linear or cyclic aluminium compound (Japanese Patent Laid-Open No. 1 421 7/1 989), etc. 
[0005] However, the above techniques of (1) to (8) for ethylene polymerization are all problematic in that they require 
an extremely high reaction pressure (for example. 100 kg/cm 2 ), that the catalysts indispensably contain a phosphorus- 
containing compound which will remain in the polymers formed to have some negative influences on the resinous prop- 
40 erties of the polymers, and that expensive methylaluminoxane is indispensable for expressing the catalyst activity. 
[0006] Precisely, the drawbacks to the ethylene polymerization method of (1) are that the reaction pressure is 
extremely high (for example 100 kg/cm 2 ) and that the catalyst activity to produce polyethylene is extremely low about 
6 kg/g-Ni • hr); and those to (2) are that the catalyst is for polymerization of high pressure ethylene, and is complicated 
as comprising many components, and that the catalyst activity is extremely low (at most about 1 kg/g-Ni • hr). The draw- 
45 backs to the others are as follows. For the catalyst of (3), the reaction pressure may be low. but the catalyst activity is 
extremely low (at most about 1 kg/g-Ni • hr). Also in the ethylene polymerization of (4). the catalyst activity is extremely 
low (at most about 0.1 kg/g-Ni • hr). The catalyst of (5) has a low activity (about 5 kg/g-Ni • hr). Though containing a cat- 
ionic complex, the catalyst of (6) requires expensive methylaluminoxane tor expressing its activity, and. in addition, its 
activity as low (at most about 3 kg/g-Ni • hr). The catalysts of (7) and (8) both have an extremely low activity (at most 
about 5 kg/g-Ni • hr). The catalyst (9) requires expensive methylaluminoxane serving as a catalyst promoter and in 
addition, its activity is low though the reaction pressure to be related to the activity is high (for example, about 20 kg/g- 
Ni • hr under 30 kg/cir^G). ... . 

[0007] Recently, catalysts comprising a combination of a nitrogen-containing ligand complex, for example, a di.mine 
complex with a metal of Groups 8 to 1 0. such as typically nickel or palladium, and an organic aluminium compound such 
ss as methylaluminoxane (MAO) or the like, and those comprising a combination of such a nitrogen-containing ligand com- 
plex and an anion seed of, for example. BF4', PF6", SbF6\ or BAF [tetrakis(3.5-bistrHluoromethylphenyl) borate] have 
been proposed. For example, catalysts of the following [1] and [2] have been disclosed (International Patent Laid-Open 
No. 96/23010). 
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These catalysts have an extremely high activity for ethylene polymerization, as compared with the catalysts noted 
35 above, and. in addition, the polymers produced with them are characterized by having a poly-branched structure. How- 
ever, these catalysts can be used only at low temperatures, and the molecular weight of the polymers produced with 
them is low. Therefore, these catalysts are not as yet practicable. 

[0008] Moreover, metallocene/aluminoxane catalysts, and nitrogen-containing ligand complex with metal of Group 8 
to 10/aluminoxane catalysts are still problematic in that they require a large amount of an aluminoxane in order to 

40 ensure sufficiently high polymerization activity. In particular, they require methylaluminoxane which is expensive and is 
not easy to handle and which is not stable during storage and is highly dangerous. Therefore, the polymerization effi- 
ciency with them is poor and, in addition, removing the catalyst residue from the polymers produced is indispensable. 
[0009] Further, the method of using aluminoxane is problematic in that the polymers produced often adhere to the 
walls of reactors, and the polymer adhesion will be a bar to safe operation. 

45 [0010] Another proposal for metallocene catalysts for olefin polymerization has been made, which is to add clay, a 
clay mineral or an ion-exchanging layered compound to the catalysts (Japanese Patent Laid-Open No. 301917/1993). 
[001 1] However, a catalyst comprising a combination of any of such additives and a nitrogen-containing ligand com- 
plex with a metal of Groups 8 to 1 0, with which the structure of the polymers produced differs from that of the polymers 
to be produced with the metallocene catalysts, is not known. In addition, in the proposed method, it is said the clay min- 

so eral to be used must be indispensably pre-treated with expensive and dangerous trimethylaluminium. Further, the pro- 
posed method is problematic in that the catalyst activity per aluminium is not so high and that the amount of the catalyst 
residue to remain in the polymers produced is large. 

[0012] Given that situation, the present invention has its object to provide a novel catalyst for olefin polymerization to 
give polyolef ins especially polyethylene having a high melting point or having a high molecular weight to be on a prac- 
55 ticable level, and to provide a method of using the catalyst for olefin polymer production. The catalyst does not contain 
a large amount of methylaluminoxane which is expensive and is not easy to handle and which is not stable during stor- 
age and is highly dangerous. With the catalyst, the morphology of the polymers produced is easy to control. According 
to the method of using the catalyst, the intended polymers are produced inexpensively and advantageously on an 
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industrial scale. 

[001 3] Another object of the invention is to provide a novel high-activity catalyst for olefin polymerization, which con- 
tains an organic aluminium compound but in which the amount of the organic aluminium compound is reduced relative 
to the total polymerization system, and to provide a method of using the catalyst for olefin polymer production. With the 
catalyst the residual metal to remain in the olefin polymers produced is reduced, and the olefin polymers produced 
could have good quality. According to the method of using the high-activity catalyst, such high-quality polymers are pro- 
duced efficiently and advantageously on an industrial scale. 

DISQj DSIJRE OF THE INVENTION 

[0014] We the present inventors have assiduously studied so as to attain the objects noted above, and, as a result, 
have found that a catalyst comprising a compound of a transition metal of Groups 8 to 10 of the Periodic Table, any of 
clay a clay mineral and an ion-exchanging layered compound, an organic aluminium compound, and optionally an 
alkylating agent, and also a method of using the catalyst for olefin polymerization, especially ethylene polymerization 

15 attain the objects. )4 ... 

[0015] We have further found that a catalyst comprising a compound of a transition metal of Groups 8 to 10 of the 
Periodic Table, any of clay, a clay mineral and an ion-exchanging layered compound, a silane compound, and/or an 
alkylating agent, and also a method of using the catalyst for olefin polymerization, especially ethylene polymerization 
also attain the objects. otA . n 
[001 6] We have still further found that a catalyst comprising a compound of a transition metal of Groups 8 to 10 of the 
Periodic Table any of clay, a clay mineral and an ion- exchanging layered compound, a silane compound, and an 
organic aluminium compound and/or an alkylating agent, and also a method of using the catalyst for olefin polymeriza- 
tion, especially ethylene polymerization also attain the objects. 
[0017] On the basis of these f indings, we have completed the present invention. 

[0018] Specifically, the invention is to provide catalysts for olefin polymer production, and a method of using the cat- 
alyst for olefin polymer production, which are as follows: 

(1) A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 of 
the Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, and (c) a silane compound. 

(2) A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 of 
the Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, (c) a silane compound, and (d) 
an organic aluminium compound. 

(3) A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 ot 
the Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, (c) a silane compound, and (e) 

35 an alkylating agent. ^ , _ o«~m«i 

(4) A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 ot 
the Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, (c) a silane compound, (d) an 
organic aluminium compound, and (e) an alkylating agent. 

(5) A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 ot 
40 the Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, and (d) an organic aluminium 

compound. ( . ^ . 

(6) A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 ot 
the Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, (d) an organic aluminium com- 
pound, and (e) an alkylating agent. 

45 (7) A method for producing olefin polymers, which comprises homopolymerizing or copolymerizmg olefins in the 
presence of the catalyst for olefin polymerization of any one of (1) to (6). 
(8) The method for producing olefin polymers of (7), wherein the olefin is ethylene. 

BEST MODE FOR CAR RYING OUT THE INVENTION 

so 

[001 9] First described in detail are the catalysts for olefin polymer production of the invention. 
[0020] One aspect of the invention is to provide a catalyst for olefin polymer production, which comprises (a) a com- 
pound of a transition metal of Groups 8 to 10 of the Periodic Table, (b) clay, a clay mineral or an ion-exchanging (layered 
compound, and (c) a silane compound. Preferably, this further contains (d) an organic aluminium compound and/or (e) 
55 an alkylating agent. . 

[0021 ] Another aspect thereof is to provide a catalyst for olefin polymer production, which comprises (a) a compound 
of a transition metal of Groups 8 to 10 of the Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered com- 
pound, and (d) an organic aluminium compound. Preferably, this further contains (e) an alkylating agent. 
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[0022] The compound of a transition metal of Groups 8 to 10 of the Periodic Table to be the component (a) preferably 
has a diimine compound as the ligand, including, for example, complex compounds of a general formula (I): 
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wherein R 1 and R 4 each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, or 
15 an aromatic group having a hydrocarbon group on the ring and having from 7 to 20 carbon atoms in total; R 2 and R 3 
each independently represent a hydrogen atom, or a hydrocarbon group having from 1 to 20 carbon atoms, and R 2 and 
R 3 may be bonded to each other to form a ring; X and Y each independently represent a halogen atom, a hydrogen 
atom, or a hydrocarbon group having from 1 to 20 carbon atoms; and M represents a transition metal of Groups 8 to 10 
of the Periodic Table. 

20 [0023] In the above general formula (I), the aliphatic hydrocarbon group having from 1 to 20 carbon atoms for R 1 and 
R 4 may be a linear or branched alkyl group having from 1 to 20 carbon atoms or a cydoalkyl group having from 3 to 20 
carbon atoms, concretely including a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl 
group, an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, a hexyl group, an octyl group, a decyl 
group, a tetradecyl group, a hexadecyl group, an octadecyl group, a cydopentyl group, a cyclohexyl group, and a 

25 cyclooctyl group, etc. Into the ring of the cydoalkyl group, a suitable substituent such as a lower alkyl group may be 
introduced. The aromatic group having a hydrocarbon group on the ring and having from 7 to 20 carbon atoms in total 
includes, for example, phenyl and naphthyl groups with at least one linear, branched or cyclic C1-10 alky^group being 
on the aromatic ring. For R 1 and R 4 . preferred is an aromatic group having a hydrocarbon group on the ring, and espe- 
cially preferred is a 2,6-diisopropylphenyl group. R 1 and R 4 may be the same or different. 

so [0024] The hydrocarbon group having from 1 to 20 carbon atoms for R 2 and R 3 includes, for example, a linear or 
branched alkyl group having from 1 to 20 carbon atoms, a cydoalkyl group having from 3 to 20 carbon atoms, an aryl 
group having from 6 to 20 carbon atoms, and an aralkyl group having from 7 to 20 carbon atoms. For examples of the 
linear or branched alkyl group having from 1 to 20 carbon atoms and the cydoalkyl group having from 3 to 20 carbon 
atoms for R 2 and R 3 , referred to are those of the C1-20 aliphatic hydrocarbon group mentioned hereinabove for R 1 and 

35 R 4 . The aryl group having from 6 to 20 carbon atoms includes, for example, a phenyl group, a tolyl group, a xylyl group, 
a naphthyl group, a methylnaphthy! group, etc. ; and the aralkyl group having from 7 to 20 carbon atoms includes, for 
example, a benzyl group, a phenethyl group, etc. R 2 and R 3 may be the same or different, may be bonded to each other 
to form a ring. 

[0025] The halogen atom for X and Y includes, for example, chlorine, bromine and iodine atoms. For examples of the 
40 hydrocarbon group having from 1 to 20 carbon atoms for X and Y, referred to are those of the C1 -20 hydrocarbon group 
mentioned hereinabove for R 2 and R 3 . For X and Y, preferred are a halogen atom or a methyl group; and especially pre- 
ferred is a methyl group. X and Y may be the same or different. 

[0026] The transition metal of Groups 8 to 1 0 of the Periodic Table for M includes, for example, nickel, palladium, plat- 
inum, iron, cobalt, rhodium, ruthenium, etc. Preferred are nickel and palladium. 
45 [0027] Specific examples of the complex compounds of formula (I) are compounds of the following formulae [3], [4], 
[5], [6], [7]. [8]. [9], [10], [1 1], [12], [13]and [14]. 



so 



55 



DOCID: <EP 0985685A1J_> 



5 



EP 0 985 685 A1 




[5] [6] 
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[0028] In the invention, one or more of the complex compounds noted above may be used as the component (a), 
either singly or as combined. 

[0029] In the invention, any of clay, a clay mineral or an ion-exchanging layered compound is used as the component 
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(b) Clay for use herein is an aggregate of fine hydrous silicate minerals. It is plastic when kneaded with a suitable 
amount of water, and is rigid when dried. When baked at high temperatures, it is sintered. The clay mineral includes 
hydrous silicates which are the essential components constituting clay. 

[0030] These are not limited to only natural ones, but synthetic products of those substances are employable herein. 
[0031 ] The ion-exchanging layered compound is a compound having a crystal structure of such that a plurality of crys- 
tal planes formed through ionic bonding are laminated in parallel layers via weak bonding force between the adiacent 
layers in which the ions are exchangeable. Some clay minerals are ion-exchanging layered compounds. 
[0032] For example, phyllosilicic acid compounds belong to clay minerals. The phyllosilicic acid compounds include 
phyllosilicic acid and phyllosilicates. As natural phyllosilicates, known are montmorillonite. saponite and hectonte of 
smectite family; illrte and sericite of mica family; and mixed layer minerals of smectites and micas, or those of micas and 
vermiculites. 

[0033] As synthetic products, known are f luoro-tetrasilicon mica, laponite. and smectone. 

[0034] Also mentioned are ion-exchanging compounds having a layered crystal structure, such as a-Zr(HP04) 2 . r 
Zr(HP0 4 )2.a-Ti(HP0 4 )2, and rTi(HP0 4 ) 2 . These are not clay minerals. 

[0035] Examples of clay and clay minerals which do not belong to ion-exchanging layered compounds and which are 
usable as the component (b) include clay having a low montmorillonite content and referred to as bentonite; kibush. clay 
comprising montmorillonite and many other components; gairome clay; sepiolite and palygorsWte having a fibrous mor- 
phology; and amorphous or low-crystalline allophane. and imogoWe. 

[0036] In the .nvention, the component (b) is contacted with a silane compound to be the component (c) and optionally 
with an alkylatmg agent to be the component (e). Therefore, it is desirable to chemically treat clay, clay minerals and 
ion.exchang.ng layered compounds for the component (b) for the purpose of removing impurities from them or for mod- 
ifying their structures and functions. 

[0037] The chermcal treatment referred to herein indicates not only the surface treatment to remove impurities from 
the surfaces of the substances (b) but also any other treatment to modify the crystal structure of the substances (b). 
Concretely it includes add treatment, alkali treatment, salt treatment, and organic treatment 
[0038] The aod treatment is to remove impurities from their surfaces, while releasing cations of. for example, alumin- 
ium iron and magnesium from their crystal structures to thereby enlarge their surface areas. The alkali treatment may 
destroy the crystal structure of the substances (b). thereby modifying their structure. The salt treatment and Ihe organic 
treatment are to form ionic complexes, molecular complexes or organic complexes in the substances (b), whereby the 
surface areas of the substances (b) and even the layer-to-layer spaces therein may be changed. Owing to their lon- 
xchangmg ab.l.ty. the interiayer exchangeable ions in the substances (b) may be exchanged with any other bulky ions 
to give layered substances having enlarged interlayer spaces. 

[0039] The substances (b) way be directly used herein as they are, or may be hydrated with additional water or may 
be dehydrated under heat before use. 

[0040] Of the substances (b) noted above, preferred are clay and clay minerals in view of their activity, and most pre- 
ferred are phyllosilicic acid compounds. Of phyllosilicic acid compounds, preferred are smectites, and more preferred © 

montmorillonite . . , . . . 

[0041] in the invention, a silane compound is used as the component (c). The silane compound includes for example 
trialkylsilyl chlorides such as trimethylsilyl chloride, triethylsilyl chloride, triisopropylsilyl chloride, tert-butyldimethyls. y 
chloride tert-butyldiphenylsilyl chloride, phenethyldimethytsilyl chloride; dialkylsilyl dichlorides such as dimethyls ilyl 
dichloride, diethylsilyl dichloride. diisopropylsilyl dichloride, bisdiphenethylsilyl dichloride, methylphenetnylsilyl dichlo- 
ride diphenylsilyl dichloride, dimethylsilyl dichloride, ditolylsilyl dichloride; alkylsilyl trichlorides such as methyls.lyl 
trichloride ethylsilyl trichloride, isopropylsilyl trichloride, phenylsilyl trichloride, mesitylsilyl trichloride, tolylsilyl tochlo- 
ride phenethylsilyl trichloride; other halides to be derived from the compounds noted above by-substituting the chloride 
moiety with any other halogens; silylamines such as bis<trimethylsilyl)amine, bis(triethylsilyl)amine. bis(tr..sopropylsi- 
lyl)amine, bis(dimethylethylsilyl)amine. bis(diethylmethylsilyl)amine, bis(dimethylphenylsilyl)amine, b.s(d.methyltolylsi- 
lyhamine bis(dimethylmesitylsilyl)amine, N.N-dimethylaminotrimethylsilane, (diethylam.no)tr.methyls.lane. N- 
(trimethylsilyl)imidazole; polysilanols generally referred to as peralkylpolysiloxypolyols; silanols such as tris tr.methylsi- 
loxy)silanol; silylamides such as N,0-bis(trimethy1silyl)acetamide, bis(trimethylsilyl)trifluoroacetam.de. N-(tr.methylsi- 
lyOacetamide. bis(trimethylsilyl)urea, trimethylsilyldiphenylurea; linear siloxanes such as 1.3- 
dichlorotetramethyldisiloxane; cyclic siloxanes such as pentamethylcyclopentasiloxane; tetraalkyls.lanes such as 
dimethyldiphenylsilane. diethyldiphenylsilane. diisopropyldiphenylsilane; trialkylsilanes such as trimethylsilane, triethyl- 
silane triisopropylsilane. tri-t-butylsilane. triphenylsilane. tritolylsilane. trimesitylsilane. methyldiphenyls.lane. dmapn- 
thylmethylsilane. bis(diphenyl)methylsilane; and also inorganic silicon compounds such as silicon tetrachlor.de. silicon 
55 tetrabromide. Of those, preferred are silylamines, and more preferred are trialkylsilane chlorides. One of those may be 
used as the component (c) As the case may be. two or more of those may be combined for the component (c). 
[0042] In the invention, an organic aluminium compound may be used as the component (d). The organic aluminium 
compound is not specifically defined. For example, preferred are alkyl group-having aluminium compounds of the fol- 
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lowing general formula (II), linear aluminoxanes of the following general formula (III), and cyclic aluminoxanes and their 
associates of the following formula (IV). 
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wherein R 5 and R 6 each represent an alkyl group having from 1 to 8, preferably from 1 to 4 carbon atoms; X represents 
a hydrogen atom or a halogen atom; 0 < m <> 3. preferably m = 2 or 3, most preferably m = 3; 0 <> n < 3, preferably n = 
Oor 1. 
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(IV) 



25 



wherein R 7 represents an alkyl group having from 1 to 20, preferably from 1 to 8 carbon atoms, and plural R 7 s* may be 
the same or different; p, q and r are integers, falling 0 < p £ 40. 2 < q £ 10, and 1 < r <, 50. 

[0043] Concretely, they include trialkylaluminiums such as trimethylaluminium, triethyialuminium, tripropylaluminium, 
30 triisobutylaluminium, tri-t-butylaluminium; halogen-, alkoxy group- or hydroxyl group-having alkylaluminiums such as 
dimethylaluminium chloride, diethylaluminium chloride, dimethylaluminium methoxide, diethylaluminium methoxide, 
dimethylaluminium hydroxide, diethylaluminium hydroxide; hydrogen atom-having alkylaluminiums such as dimethyla- 
luminium hydride, dirsobutylaluminium hydride; and aluminoxanes such as methylaluminoxane, ethylaluminoxane, iso- 
butylaluminoxane. Of those, preferred are trimethylaluminium and triisobutylaluminium. 
35 [0044] In the invention, one or more of those alkylaluminium compounds noted above may be used as the component 
(d), either singly or as combined. 

[0045] In the invention, an alkylating agent is optionally used as the component (e). Various alkylating agents are 
known. For example, herein usable are alkyl group-having aluminium compounds of above formula (II) and also alkyl 
group-having magnesium compounds of a general formula (V): 

40 

R 7 2 Mg (V) 

wherein R 7 has the same meaning as above, 

and alkyl group-having zinc compounds of a general formula (VI): 

45 

R 7 2 Zn (VI) 

wherein R 7 has the same meaning as above. 

[0046] Of those alkyl group-having compounds, preferred are alkyl group-having aluminium compounds; and more 
so preferred are trialkylaluminiums and dialkylaluminiums. Concretely mentioned are trialkylaluminiums such as trimethy- 
laluminium, triethyialuminium, tri-n-propylaluminium, triisobutylaluminium, tri-n-butylaluminium, triisobutylaluminium, 
tri-t-butylaluminium; dialkylaluminium halides such as dimethylaluminium chloride, diethylaluminium chloride, di-n-pro- 
pylaluminium chloride, diisopropylaluminium chloride, di-n-butylaluminium chloride, diisobutylaluminium chloride, di-t- 
butylaluminium chloride; dialkylaluminium alkoxides such as dimethylaluminium methoxide, dimethylaluminium ethox- 
55 ide; and dialkylaluminium hydrides such as dimethylaluminium hydride, diethylaluminium hydride, diisobutylaluminium 
hydride. Also mentioned are dialkyimagnesiums such as dimethylmagnesium, diethylmagnesium, di-n-propylmagne- 
sium, diisopropylmagnesium, butylmagnesium; and dialkylzincs such as dimethylzinc, diethylzinc, ethyl -n-propylzinc, 
diisopropylzinc. 
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[0047] In the invention, one or more of those organic aluminium compounds noted above may be used as the com- 
ponent (e), either singly or as combined. ^ nart u, ,. 
[00481 The proportions of the components constituting the catalysts of the invention are not specif roally defined, but 
are preferably as follow, depending on the type of the constituent components. 

?0049] Where the component (b) is clay or a clay mineral, it is desirable that the amoun of the < n^> « J» 
catalysts is generally from 0.1 to 100000 mols, more preferably from 0.5 to 10000 mols. >n terms of the hyd o^ content 
oTSe c^pSent (b) and relative to one mo. of the transition metal in the component (a), that the 
Donerrt fc) is qeneral y from 0.1 to 100000 mols, preferably from 0.5 to 10000 mols. in terms of the silicon content of the 
%ZS£& £0* ^ive to the same, and that the amount of the component (d) is generally from 01 to 0000000 
moTorefeVabfy from 0.5 to 100000 mols, in terms of the aluminium content of the component (d) and relative to the 
2ni Wnere .component (b) is any other than clay and day minerals, it is desirable that the amount the transition 
me3 inThe componem (a) is from 0.00001 to 1 g relative to 1 g of the component (b). that the amount of the sAoon 
atom th SXent (c) is from 0.001 to 1 00 g relative to the same, and that the amount of the aluminum atom n 
fhTco^pwertTi^ 

Se^The amount of the aluminium, magnesium or zinc atom in the component (e) is from 1 to 10000 mo s relative 
to on^l of le transition metal in the component (a). Overstepping the ranges noted above, the polymerization activ- 

5£T of e thr P o.ymerization catalysts of the invention is not speoi.ica.ly defined and various method, 

mafbe apS thereto. For examp.e. for preparing the catalysts comprising the components (a) (b) and 
We^s anTo. (1) a method of contacting the component (a) and the component (b) wrth each other to which ,s added 
Z c^onert (c); (2) a method of contacting the component (a) and the component (c) wrth , each ^ to which . 
added the componen (b); (3) a method of contacting the component (b) and the component (c) wrth each other, to 
^is addtXc^nent (a); or (4) a method of contacting the components (a), (b) and (c) all at a time , . each 
other Si those methods preferred is the method (3). For preparing the catalysts compnsing the com^nente £J (b) 
an?(d) employable is any of (1) a method of contacting the component (a) and the component (b) with each otter to 
wNch is add Jthe component (d); (2) a method of contacting the component (a) and the eampoMrtM wrthea* 
other, to which is added the component (b); (3) a method of contacting the component (b) and >^ Ta 
each other to which is added the component (a); or (4) a method of contacting the components (a), (b) and (d) all at a 
£ wS Jdioto. Of those methods, preferred is the method (3). For preparing the catalysts compnsing the compo- 
S) <b?S i and (d). employable is any of (1) a method of contacting the component (a) and the con^nenUb) 
wtreach She , to which areadded the component (c) and the component (d); (2) a method of «MjM compo- 
nZt), the component (c) and the component (d) with each other, to which is added the compon«it (b). (3) i method 
of conSctTng the component (b). the component (c) and the component (d) with each other, to which ,s added the oom- 
poSnTja): or (4) a method of contacting the components (a), (b). (c) and (d) all at a tune wrth each other. Of those 

35 TooX'FCe^ 

other constituent components is not specifically defined. Preferably, the constituent components other than the compo- 
nent (Tare ^^pr^sToontacted with each other in any of the methods noted above, and thereafter the component (e) 
Z 2kM toSr^lymerization system that contains the other constituent components having been 
acted with each other While or after the components are contacted with each other, a polymer such as polyethylene 
o^yXylene oTan inorganic oxide such as" silica or alumina may be in the catalyst system being prepared or may 
be contacted with the components being or having been contacted with each other. 
mOK] Contacting the components wrth each other may be effected in an inert vapor such as nitrogen, 
cartoon such as pentane, hexane. heptane, toiuene or xylene. Adding a constituent component to other component or 
contacting the constituent components wrth each other may be effected at a temperature for ^"zatio" of mono- 
mers or may be effected at a temperature falling between -30°C and the boiling po.nt of the solvent used but .s prefer- 
ably effected at a temperature falling between room temperature and the boiling po.nt of the solvent used. 
W053Y The method of using the polymerization catalysts for polyolef in production of the .nvention is favorable to 
homc^lymedzation of olefins and also to copolymerization of olefins with other olefins and/or other m~(th^ 
copolymerization of different types of olefins, or copolymerization of olefins wrth other monomers, or copolymenzation 
of different types of olefins with other monomers). . . . m 

So54] OleHns to be polymerized in the invention are not specifically defined, but preferred are a-olef.ns ^ng from 
2to20 carbon atoms The a-olefins include, for example, a-defins such as ethylene, propylene, 1 -butene 3-methy - - 
buteS^me"h7l-butene, 4-pheny.-1 -butene. 1-pentene. 3-methyl-1 -pentene. 4-methy.-1-pentene. 3.3-d.methyM- 
o^tene 3 4 dimethyl-1-pentene. 4.4-dimethyl-1 -pentene, 1-hexene, 4-methyl-1 -hexene, 5-methyl-1 -hexene 6-phenyi- 
1 hexene -cTene 1-dLne. Klodecene. 1 -tetradecene. 1 -hexadecene. 1-octadecene. I--^"*"** 
ane halogen-substituted a-olefins such as hexafluoropropene. tetrafluoroethylene. 2-fluoropropene. ^ethylene, 
11 ^dJluoroethylene. 3-f.uoropropene. trifluoroethyiene. 3, 4-dich.oro-1 -butene; and cydic olefins such as cydopentene. 
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cyclohexene, norbornene. 5-methylnorbornene, 5-ethylnorbornene, 5-propylnorbornene, 5.6-dimethylnorbornene, 5- 
benzylnorbornene. Styrenic compounds are also usable as olefins herein. They include, for example, styrene; alkylsty- 
renes such as p-methylstyrene, p-ethylstyrene, p-propylstyrene, p-isopropylstyrene, p-butylstyrene, p-tert-butylstyrene, 
p-phenylstyrene ( o-methylstyrene, o-ethylstyrene, o-propyl styrene, o-isopropylstyrene, m-methylstyrene, m-ethylsty- 

5 rene, m-isopropylstyrene, m-butylstyrene, mesitylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene, 3,5-dimethylsty- 
rene; alkoxystyrenes such as p-methoxystyrene, o-methoxystyrene, m-methoxystyrene; halogenostyrenes such as p- 
chlorostyrene, m-chlorostyrene, o-chlorostyrene, p-bromostyrene. m-bromostyrene, o-bromostyrene, p-fluorostyrene, 
m-fluorostyrene, o-fluorostyrene, o-methyl-p-fluorostyrene; and also trimethylsilylstyrene, vinylbenzoates, divinylben- 
zene. The other olefins to be copolymerized may be suitably selected from the olefins noted above. 

10 [0055] In the invention, one or more olefins may be homopolymerized or copolymerized either singly or as combined. 
Where two or more different olefins are copolymerized, the olefins noted above may be combined in any desired man- 
ner. 

[0056] In the invention, olefins such as those mentioned above may be copolymerized with any other comonomers. 
The comonomers include, for example, linear diolefins such as butadiene, isoprene, 1 ,4-pentadiene, 1,5-hexadiene; 
is polycyclic olefins such as norbornene, 1 ,4,5,8-dimethano- 1,2,3,4, 4a,5,8 t 8a-octahydronaphthalene, 2-norbornene; 
cyclic diolefins such as norbornadiene, 5-ethylidenenorbornene, 5-vinylnorbornene, dicyclopentadiene; and unsatu- 
rated esters such as ethyl acrylate, methyl methacryiate. 
[0057] In the invention, ethylene is especially preferred as olefins. 

[0058] The mode of olefin polymerization is not specifically defined, and herein employable is any desired polymer i- 
20 zation mode of slurry polymerization, solution polymerization, vapor phase polymerization, bulk polymerization or sus- 
pension polymerization. 

[0059] Solvents may be used in polymerization. They include, for example, hydrocarbons and halogenohydrocarbons 
such as benzene, toluene, xylene, n-hexane, n-heptane, cyciohexane, chlorormethylene, chloroform, 1,2-dichlo- 
roethane, and chiorobenzene. One or more such solvents may be used either singly or as combined. Depending on 

25 their type, monomers to be polymerized may also serve as solvents. 

[0060] In view of the catalytic activity for polymerization and of the reactor efficiency, it is desirable that the amount of 
the catalyst to be in the polymerization system is so controlled that the amount of the component (a) could fall generally 
between 2 and 100 jimols. but preferably between 7 and 25 jimols, in one liter of the solvent in the system. 
[0061] Regarding the polymerization condition, the pressure may fall generally between ordinary pressure and 2000 

30 kg/cm 2 G. The reaction temperature may fall generally between -50 and 250°C. For controlling the molecular weight of 
the polymers to be produced, the type and the amount of the catalytic components to be used and the polymerization 
temperature will be suitably selected. If desired, hydrogen may be introduced into the polymerization system for that 
purpose. 

[0062] The invention is described in more detail with reference to the following Examples, which, however, are not 
35 intended to restrict the scope of the invention. 

[0063] First described are Examples of preparing catalysts for olefin polymerization that comprise (a) a compound of 
a transition metal of Groups 8 to 10 of the Periodic Table, (b) any of clay, a clay mineral or an ion-exchanging layered 
compound, and (c) a silane compound, especially those further containing (d) an organic aluminium compound and/or 
(e) an alkylating agent. 

40 

Example 1 : Production of polyethylene: 

(1) Chemical treatment of clay mineral: 

45 [0064] 40 g of a commercial product of montmorillonite (Kunipia F from Kunimine Industry) was ground in a grinder 
for 4 hours. 20 g of the powdered montmorillonite was put into a four-neck flask having a capacity of 500 ml, and dis- 
persed in 1 00 ml of deionized water containing 20 g of magnesium chloride 6-hydrate dissolved therein. This was stirred 
at 90°C for 0.5 hour. After having been thus processed, the solid residue was washed with water. This treatment was 
repeated once again. Thus was obtained magnesium chloride-processed montmorillonite. After dried, this was dis- 

50 persed in 160 ml of an aqueous solution of 6 % HCI, and stirred under reflux for 2 hours. After having been thus proc- 
essed, this was washed with water through repeated filtration until the filtration wash became neutral, and then dried. 
Thus was obtained chemical -treated montmorillonite. 

(2) Chemical treatment with silane compound: 

55 

[0065] 1 .0 g of the chemical-treated montmorillonite that had been prepared in (1) (this had a water content of 15% 
by weight; the water content was obtained from the weight loss after dehydration under heat at 150°C for 1 hour - the 
same shall apply hereunder) was put into a Schlenk's tube having a capacity of 300 ml, and dispersed in 25 ml of tolu- 
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15 



20 



ene to obtain a slurry to which was added 1.13 g (5.2 mmols) of methylphenethylsilyl dichloride. The resulting slurry 
w7s£*e?at rJpMto 60 hours and then under heat at 1WC for 1 hour. After this was cooled to room 
ZjEOfZ s^S was removed from it. and the remaining sol* was washed with 200 ml of to.uene. Next, 
toluene was again added to the thus-washed slurry to be 50 ml in total. 

(3) Polymerization of ethylene: 

100661 A 1 6-liter autoclave was fully dried and then purged with nitrogen. 400 ml of toluene having been dewatered 

to oTa of *e S mineTalt and 6.8 ftmols of nickel complex [3] were put into the autoclave in that order and ethylene 
was [oS^^hMMd into the autoclave at 25'C and under a controlled pressure of 8 kg/cm^G a nd p^ 
ZZ£ r^hour in that condition After this, methanol was added to the system to termmate the polymer.zat.on. The 
^^S^SSEn out through filtration, and dried under reduced pressure at 90'C for 12 hours. As a 
S owSwas 23 1 g of the polymer. The polymerization activity of the catalyst used was 57 8 kg/g-N • nr. 
S The n ^r hada limiting viscosity M as measured in decalin at 135'C of *1 2 dl/g a melt.ng port as meas- 
ured through differential scanning calorimetry (DSC) of 132.4'C. and a density of 0.9309/cm . 

Example 2: Production of polyethylene: 

[0068] The same process as in Example 1 was repeated, except that nickel complex [4] was used lin , place of nicke. 
™L r^V toobtain 29 8 a of a polymer. The polymerization activity of the catalyst used was 74.6 kg/g-N. hr. 
SThe^ 

ured through differential scanning calorimetry (DSC) of 1 13.7'C, and a densrty of 0.9047/cm . 
25 Example 3: Production of polyethylene: 

100701 The same process as in Example 1 was repeated, except that nickel complex [5] «as used in place of nickel 

ured through differential scanning calorimetry (DSC) of 123.6'C. and a densrty of 0.9178/cm . 
Comparative Example 1 : 

[0072] In the same manner as in Example 1 except that the step (2) of silane treatment was omitted. 9.3 g of a poly- 

ured through differential scanning calorimetry (DSC) of 132°C. and a densrty of 0.9373/cm . 
Example 4: Production of polyethylene: 
(1) Chemical treatment of clay mineral: 

[0074] 40 g of a commercia. product of montmorillonite (Kunipia F from Kunimine ^^^'^Z 
or 4 hours 20 g of the powdered montmorillonite was put into a four-neck flask havmg a capacrty of 500 

« n^nToOm*^^ 

SS£ ^ "or having been thus processed, the sol* residue was washed with water, ^reatm^rrt was 

feoeated once again. Thus was obtained magnesium chloride-processed montmor.llonrte^ After dried > wa ; dis 
oSedTn °60 m?of an aqueous solution of 6 % HCI, and stined under reflux for 2 hours. After having been thus p oc- 
eSS Ihis wa^wished with water through repeated filtration until .he filtration wash became neutral, and then dr.ed. 
50 Thus was obtained chemical-treated montmorillonite. 

(2) Chemical treatment with silane compound and organic aluminium compound: 

[0075] 1 .0 g of the chemical-treated montmorillonrte that had been prepared in (1) (this had a ^ JjJ^ 1 . 5 ^ 
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temperature, the supernatant was removed from it, and the remaining solid was washed with 200 ml of toluene. Next, 
100 nmols of triisobutytaluminium was added thereto, then stirred at room temperature for 30 minutes, and thereafter 
kept static for a while. The resulting solid residue was washed with 200 ml of toluene. Toluene was further added to the 
thus-washed slurry to be 50 ml in total. 

5 

(3) Polymerization of ethylene: 

[0076] A 1 .6-liter autoclave was fully dried and then purged with nitrogen. 400 ml of toluene having been dewatered 
at room temperature, 5 ml of the clay mineral dispersion having been prepared in the previous step (2) (this corresponds 

10 to 0.1 g of the clay mineral), and 6.8 urnols of nickel complex [3] were put into the autoclave in that order, and ethylene 
was continuously introduced into the autoclave at 25°C and under a controlled pressure of 8 kg/crrfG, and polymerized 
therein for 1 hour in that condition. After this, methanol was added to the system to terminate the polymerization. The 
polymer thus produced was taken out through filtration, and dried under reduced pressure at 90°C for 12 hours. As a 
result, obtained was 35 g of the polymer. The polymerization activity of the catalyst used was 88 kg/g-Ni • hr. 

is [0077] The polymer had a limiting viscosity [t\] as measured in decalin at 1 35°C of 3.06 dl/g, and a melting point as 
measured through differential scanning calorimetry (DSC) of 128.9°C. 

Example 5: Production of polyethylene: 

20 (1) Chemical treatment of clay mineral: 

[0078] This is the same as in (1) in Example 4. 

(2) Chemical treatment with silane compound and organic aluminium compound: 

25 

[0079] This is the same as in (2) in Example 4. 

(3) Polymerization of ethylene: 

30 [0080] A 1.6-liter autoclave was fully dried and then purged with nitrogen. 400 ml of toluene having been dewatered 
at room temperature, 5 ml of the clay mineral dispersion having been prepared in the previous step (2) (this corresponds 
to 0.1 g of the clay mineral), 6.8 u,mols of nickel complex [3] and 0.68 u.mols of trimethylaluminium were put into the 
autoclave in that order, and ethylene was continuously introduced into the autoclave at 25°C and under a controlled 
pressure of 8 kg/cm 2 G, and polymerized therein for 1 hour in that condition. After this, methanol was added to the sys- 

35 tern to terminate the polymerization. The polymer thus produced was taken out through filtration, and dried under 
reduced pressure at 90°C for 12 hours. As a result, obtained was 17.1 g of the polymer. The polymerization activity of 
the catalyst used was 43 kg/g-Ni • hr. 

[0081 ] The polymer had a limiting viscosity [r\] of 4.30 dl/g, and a melting point as measured through DSC of 130.0°C. 
40 Example 6: Production of polyethylene: 

(1) Chemical treatment of clay mineral: 

[0082] This is the same as in (1) in Example 4 

45 

(2) Chemical treatment with silane compound and organic aluminium compound: 
[0083] This is the same as in (2) in Example 4. 

so (3) Polymerization of ethylene: 

[0084] In the same manner as in (3) in Example 1 except that nickel complex [4] was used an place of nickel complex 

[3], obtained was 36.0 g of a polymer. The polymerization activity of the catalyst used was 90.3 kg/g-Ni • hr. 

[0085] The polymer had a limiting viscosity [r\] of 24.2 dl/g. and a melting point as measured through DSC of 1 10.6°C. 

55 
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Example 7: Production of polyethylene: 

(1) Chemical treatment of clay mineral: 

5 [0086] This is the same as in (1) in Example 4. 

(2) Chemical treatment with silane compound and organic aluminium compound: 
[0087] This is the same as in (2) in Example 4. 

10 

(3) Polymerization of ethylene: 

fO0881 In the same manner as in (3) in Example 1 except that nickel complex [5] was used in place of nickel complex 
MtfmM ™ ' ™ of a polymer The polymerization activity of the catalyst used was 94 2 
» vSm poTymer had a limiting viscosity H of 8 55dl/g. and a meHing point as measured through DSC of 120.2 C. 

Example 8: Production of polyethylene: 

(1) Chemical treatment of clay mineral: 
[0090] This is the same as in (1) in Example 4. 

(2) Chemical treatment with silane compound: 

10091] T^sarneprcrcessasin^ 
omitted. 

(3) Polymerization of ethylene: 

rO0921 A 1 6-liter autoclave was fully dried and then purged with nitrogen. 400 ml of to ^ ne ^^ n J^^ 

40 Example 9: Production of polyethylene: 

100941 The same process as in Example 8 was repeated, except that triisobutylaluminium was used 1 in , place of tri- 

Example 10: Production of polyethylene: 

Example 11: Production of polyethylene: 
(1) Chemical treatment of clay mineral: 
[0098] This is the same as in (1) in Example 4. 
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(2) Chemical treatment with organic aluminium compound: 

[01 22] The same process as in (2) in Example 1 4 was repeated except that triisobutylaluminium was used in place of 
trimethylaluminium. 

5 

(3) Polymerization of ethylene: 

[01 23] In the same manner as in Example 1 4 except that triisobutylaluminium was used in place of trimethylaluminium 
and that the clay mineral prepared in the previous step (2) was used in place of that prepared in (2) in Example 14, 
io obtained was 0.38 g of a polymer. The polymerization activity of the catalyst used was 0.95 kg/g-Ni * hr. 

[0124] The polymer had a limiting viscosity [t|] of 4.19 dl/g, and a melting point as measured through DSC of 132.3°C. 
With no sticky component, this was granular. 

Example 18: Production of polyethylene: 

75 

(1 ) Chemical treatment of clay mineral: 
[0125] This is the same as in (1) in Example 14. 
20 (2) Chemical treatment with organic aluminium compound: 
[0126] This is the same as in (2) in Example 17. 
(3) Polymerization of ethylene: 

25 

[0127] In the same manner as in Example 17 except that nickel complex [3] was used in place of nickel complex [12] 
and that triisobutylaluminium was not used, obtained was 1 .33 g of a polymer. The polymerization activity of the catalyst 
used was 3.3 kg/g-Ni • hr. 

[0128] The polymer had a limiting viscosity [r\] of 3.17 dl/g, and a melting point as measured through DSC of 136.2°C. 
30 With no sticky component, this was granular. 

Comparative Example 3: 

[01 29] The same process as in Example 1 4 was repeated except that nickel complex [12] was used in place of nickel 
35 complex [3], that 0.68 mmol of methylaluminoxane was used in place of the clay mineral, and that the polymerization 
time was 30 minutes. Herein obtained was 40.6 g of a polymer (catalyst activity: 203.0 kg/g-Ni • hr). 
[0130] The polymer had a limiting viscosity [r\] of 1.77 dl/g, and a melting point as measured through DSC of 120.2°C. 
Containing a sticky component, this was amorphous. 

[0131] Nickel complexes [3], [4], [5], [12], [13] and [14] used in the above Examples and Comparative Examples are 
40 mentioned below. 
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INDUSTRIAL APPLICABILITY 



[01 32] According to the invention, a large amount of methyialuminoxane, which is expensive and is not easy to handle 
45 and which is unstable during storage and is highly dangerous, is not used, and the amount of the organic aluminium 
compound to be used in the entire polymerization system could be reduced. Therefore, a large amount of a metal res- 
idue does not remain in the polymers produced, and the polymers produced do not require any post-treatment. The cat- 
alysts of the invention have high activity, with which olefin polymers can be produced efficiently and inexpensively. 
[01 33] In addition, polymer morphology control is easy in the invention, in which are produced high-melting point olefin 
so polymers inexpensively and advantageously on an industrial scale. 



Claims 



1 . A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 of the 
55 Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, and (c) a silane compound. 

2. A catalyst for olefin polymer production, comprising (a) a compound of a transition metal of Groups 8 to 10 of the 
Periodic Table, (b) clay, a clay mineral or an ion-exchanging layered compound, (c) a silane compound, and (d) an 
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organic aluminium compound. 

alkylating agent. 

aluminium compound, and (•) an alkylating agent. 

pound. 

pound, and (e) an alkylating agent. 
7 Am ethod to rprodu^^ 

8. The method tor producing olefin po.ymers as claimed in daim 7, wherein the o.efin is ethylene. 
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